Understanding how the genome instructs the phenotypic characteristics of an organism is one of the major scientific endeavors of our time. Advances in genetics have progressively deciphered the inheritance, identity and biological relevance of genetically encoded information, contributing to the rise of several, complementary omic disciplines. One of them is phenomics, an emergent area of biology dedicated to the systematic multi-scale analysis of phenotypic traits. This discipline provides valuable gene function information to the rapidly evolving field of genetics. Current molecular tools enable genome-wide analyses that link gene sequence to function in multi-cellular organisms, illuminating the genome-phenome relationship. Among vertebrates, zebrafish has emerged as an outstanding model organism for high-throughput phenotyping and modeling of human disorders. Advances in both systematic mutagenesis and phenotypic analyses of embryonic and post-embryonic stages in zebrafish have revealed the function of a valuable collection of genes and the general structure of several complex traits. In this review, we summarize multiple large-scale genetic efforts addressing parental, embryonic, and adult phenotyping in the zebrafish. The genetic and quantitative tools available in the zebrafish model, coupled with the broad spectrum of phenotypes that can be assayed, make it a powerful model for phenomics, well suited for the dissection of genotype-phenotype associations in development, physiology, health and disease.
Introduction
It can be argued that humans have been analyzing, measuring, and searching for desired traits for at least the last 20,000 years, starting with the domestication of dogs (Freedman et al., 2014) , followed by food crops and livestock (Hunter, 2018) . Some of the first concrete efforts to record and catalog phenotypes date back to the 5th century BC, with ancient Greek studies of human anatomy (Groth and Weiss, 2014) . However, the heritable basis of these traits -the genotype-remained a mystery until the pioneering work of Gregor Mendel, who sought to discover the elements of heredity (Hartl and Orel, 1992) . The work of subsequent scientists, including Thomas Hunt Morgan, Walter Sutton, Rosalind Franklin, James Watson and Francis Crick elucidated the material basis of these "elements", creating the modern field of molecular genetics (Franklin and Gosling, 1953; Morgan, 1919; Sutton, 1902; Watson and Crick, 1953) .
Further 20th century developments in molecular biology and human genetics enhanced both our understanding of and our ability to interrogate genotype-phenotype interactions. Even before the sequencing of the human genome, geneticists demonstrated associations between human genes and genetic disorders (Brandt, 1993; Cooper et al., 2006; Mckusick, 1960 Mckusick, , 1992 . The ability to generate gene knockouts in the mouse and RNA interference (RNAi)-based gene silencing allowed the direct and reverse-genetic interrogation of specific gene functions on phenotype (Doetschman et al., 1987; Thomas and Capecchi, 1987; Mansour et al., 1988; Fire et al., 1998) .
To study the processes that create and maintain multicellular organisms, as well as the diseases that afflict them, phenotype is of ultimate importance. With our enhanced understanding of molecular genetics and the development of high-throughput mutagenic and sequencing technologies, the in-depth study of phenotypic variation at the whole-organism scale, known as phenomics, is of greater importance than ever before. With the dawn of the 21st century, human genomic data coupled with phenotypic information provided by clinical data (Brandt, 1993; Cooper et al., 2006; Mckusick, 1960 Mckusick, , 1992 Mckusick, , 2007 have revealed many new genotype-phenotype correlations. Nevertheless, the contributions of the roughly 20,000 coding genes in the human genome to phenotype remain vastly unexplored. Current tools provide unprecedented resolution to dissect complex traits, which together with the knowledge of the molecular basis of inheritance, have positioned
